Reaction of 3-aminocyclohex-2-en-1-ones with
Introduction
1,4-Dihydropyridines have received considerable attention because of their pivotal role in various biological processes. Numerous derivatives of dihydropyridines have been reported to have wide biological activity, e.g. being used in the treatment of cardiovascular disease (calcium antagonist). 1, 2 This applies especially to 4-aryl-or hetaryl-substituted 1,4-dihydropyridines. One of the well-known cardiovascular agents of this kind is Nifedipine 1.
It is conceivable that fused 1,4-dihydropyridines of type 2 with different substituents R 1 at the ring nitrogen atom are also of considerable practical and theoretical interest. However, these compounds are scarcely studied, and there are only a few publications 3, 4 on their synthesis involving the reaction of cyclic enaminoketones 3 with arylidene derivatives of malononitrile 4. This method allows the attachment of substituents to the nitrogen atom in the course of the preparation of the enaminoketones 3. It has been shown that heating of 3-anilino-5,5-dimethylcyclohex-2-en-1-one 3a with 2-benzylidenemalononitrile 4a in alcohol and in the presence of catalytic amounts of a base yields the N-phenyl-substituted hexahydroquinoline 5a (Scheme 1).
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Scheme 1
Recently, we have extended this approach to the reaction of 3-(2-phenyl-hydrazino)cyclohex-2-en-3-one 3b with 2-(4-bromobenzylidene)malononitrile 4b. 4 The product of this reaction, the N-(phenylamino)hexahydroquinoline derivative 5b was found to undergo an interesting diastereoselective rearrangement forming the previously unknown heterocyclic system 6 with partially hydrogenated fused indole and pyridine moieties 5 (Scheme 2).
Scheme 2
The present paper presents the results of a somewhat extended investigation of the condensation of N-substituted and N-unsubstituted 3-aminocyclohex-2-en-1-ones 3 with 2-arylidenemalononitriles 4 resulting in 4-aryl-substituted hexahydroquinolin-5-ones 4 with various substituents at the ring nitrogen atom. The optimal reaction conditions for the conversion Similarly, the 3-aminocyclohex-2-en-1-one 3e (derived from cyclohexane-1,3-dione and N,N-dimethylhydrazine) readily reacted with 2-(4-bromobenzylidene)malononitrile 4b yielding the N-dimethylamino-substituted hexahydroquinolin-5-one 5e (Scheme 1). 4 Also in this case a base was dispensable due to the increased nucleophilicity of the enehydrazinoketone. This is analogous to the earlier reported reaction 4 of the N-arylhydrazine derivative 3b with 2-(4-bromobenzylidene)malononitrile 4b giving rise to the formation of the N-anilino-substituted hexahydroquinolin-5-one 5b (Scheme 2). These results can be summarized as follows: 3-Hydrazinocyclohex-2-en-1-ones like 3b and 3e readily reacted with 2-(4-bromobenzylidene)malononitrile 4b and afforded 1,2-diaminosubstituted hexahydroquinolin-5-ones 5b and 5e, respectively. The N-unsubstituted and the Nalkyl-substituted 3-aminocyclohex-2-en-1-ones 3c and 3d also did not require a base to react with 2-arylidenemalononitriles 4a and 4c; whereas 3d was converted directly into the corresponding 2-aminohexahydroquinolin-5-one 5d, the conversion of the isolated adduct 7 (from 3c and 4a) into the cyclic product 5c was achieved only after addition of a base catalyst. The 3-anilinocyclohex-2-en-1-one derivative 3a required a base to start the reaction with 2-benzylidenemalononitrile 4a.
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Scheme 6
The reaction of 3-aminocyclohex-2-en-1-ones with an N-substituent bearing a functional group as in 3f and 3g can induce a subsequent intramolecular cyclization reaction of the apparently first-formed 2-aminohexahydroquinoline product 5. Enaminoketone 3f (prepared from glycine ethyl ester and dimedone) was allowed to react with the 2-(3-nitrobenzylidene)-malononitrile 4d. The expected reaction product, the 2-aminohexahydroquinoline derivative 5f was not isolated; instead, the product obtained turned out to be the imidazo[1,2-a]quinoline derivative 8, obviously resulting from the additional cyclization of the presumed precursor 5f involving the ester and 2-amino groups (Scheme 6).
The N-aryl-substituted 3-aminocyclohex-2-en-1-one 3g (prepared from dimedone and 2-aminobenzonitrile) required base catalysis (DBU) to promote the reaction with 2-(2,4-dichlorbenzylidene)malononitrile 4e; the product, quinolino[1,2-a]quinazoline derivative 9 obviously results from the cyclization of the 2-amino and 1-(2-cyanophenyl) functionalities of the presumed precursor 5g (Scheme 7). 
2-Amino-7,7-dimethyl-5-oxo-4-phenyl-1,4,5,6,7,8-hexahydroquinoline-3-carbonitrile (5c).
To a solution of 3c (0.28 g, 2 mmol) and 4a (0.31 g, 2 mmol) in refluxing benzene (6 mL) a few drops of piperidine were added; the resulting mixture was refluxed for 30 min. Then the reaction mixture was cooled, the precipitate formed was filtered off and washed on the filter funnel with a small amount of benzene. Recrystallization from a small amount of ethanol gave 5c (0.44 g, 75%) as colorless crystals, mp 265-267 °C. 1 
2-[(2-Amino-4,4-dimethyl-6-oxo-1-cyclohexenyl)(phenyl)methyl]malononitrile (7).
A solution of 3c (0.28 g, 2 mmol) and 4a (0.31 g, 2 mmol) in benzene (6 mL) was refluxed for 30 min. Then the reaction mixture was cooled, the precipitate formed was filtered off and washed on the filter funnel with a small amount of benzene affording colorless crystals 7 (0.50 g, 85%), mp 213-215 °C. 1 -4-(4-chlorophenyl)-7,7-dimethyl-5-oxo-1-pentyl-1,4,5,6,7,8-hexahydroquinoline-3-carbonitrile (5d) . A solution of 3d (0.42 g, 2 mmol) and 4c (0.38 g, 2 mmol).in benzene (10 mL) was refluxed for 4 h. Then the reaction mixture was cooled, and solvent was evaporated under reduced pressure. Recrystallization from a small amount of ethanol gave colorless crystals 5d (0.63 g, 79%), mp 255-256 °C. 1 (9) . To a refluxing solution of 3g (0.48 g, 2 mmol) and 4e (0.45 g, 2 mmol) ethanol (7 mL) a few drops of DBU were added. The reaction mixture was refluxed for 5 h, than cooled; the separated precipitate was filtered off, washed on the filter
